BACKGROUND: nodal staging is crucial in determining the use of adjuvant chemotherapy for colon cancer. the number of metastatic lymph nodes has been positively correlated with the number of lymph nodes examined. Current guidelines recommend that at minimum 12 to 14 lymph nodes be assessed. in some studies, mismatch repair deficiency has been associated with lymph node yield.
a ccurate staging of colorectal carcinoma (CRC) is critical in determining patient prognosis and the need for adjuvant therapy. multiple studies show a positive association between the number of lymph nodes (lns) removed and survival. [1] [2] [3] the national Comprehensive Cancer Center, national Cancer institute, and other organizations recommend the removal of at least 12 lns for adequate staging. [3] [4] [5] multiple factors influence the number of lns identified in a colon resection. a previous study from our institution found that tumor size, location, number of resected pedicles, and use of endoscopic tattoos were related to ln retrieval. 6 other studies found ln yield to be significantly associated with pathologist training, [5] [6] [7] patient age, [8] [9] [10] asa status, 9 tumor size, [11] [12] [13] [14] stage, 9 differentiation, 9, 13, 15 biology, and proximal location. 13, 16 mismatch repair (mmR) deficiency has also been associated with ln yield. 13, 16 Patients with mmR-deficient tumors have a decreased risk of recurrence compared with patients with mmR-intact tumors. 17, 18 some theorize that mmR-deficient tumors portend less aggressive disease because of their dense lymphocytic infiltration, amplified rate of apoptosis, and less frequent p53, DCC, and KRAS mutations. [19] [20] [21] [22] the cytotoxic lymphocytes of the immune system play a role in antitumor immunity, resulting in superior clinical outcome. 20, [23] [24] [25] [26] [27] [28] [29] [30] existing research suggests that mmR deficiency and its association with tumor-infiltrating lymphocytes may lead to detection of more lns in surgical specimens. [31] [32] [33] in this study, we analyzed the correlation of various factors with number of lns retrieved, and tested the hypothesis that CRCs arising in mmR-deficient tumors are associated with increased ln yield.
MATERIALS AND METhODS
Patients in 2006, using immunohistochemistry (ihC) for mmR protein expression, researchers at memorial sloan Kettering (msK) began to prospectively analyze CRC specimens from every patient aged ≤50 years undergoing colectomy or local excision. ihC testing was performed selectively in patients aged >50 years who had family history of CRC and/or clinical features suspicious for microsatellite instability (msi).
after approval by the msK institutional Review Board, clinical and histopathologic data were collected for patients undergoing partial colectomy with ihC testing from 1999 to 2012. We measured the association of clinical and pathologic features with ln quantity. fourteen predictors and confounders were identified a priori and jointly analyzed in a multivariable linear regression model.
Patients undergoing total colectomy, subtotal colectomy, colectomy at another institution, or previous treat-ment with chemotherapy and/or radiation were excluded. Patients with familial adenomatous polyposis, metastatic colon cancer, or rectal or rectosigmoid adenocarcinoma <20 cm from the anal verge were also excluded.
Pathology
in the msK Pathology Department, the specimen was grossed in standard fashion. all of the mesenteric tissue was manually dissected and examined for lns. fat-clearing techniques were not used. if fewer than 12 lns were identified on first examination, a second attempt to locate lns was made. Routine microscopy was performed by 1 of 5 specialized gastrointestinal pathologists. ihC was performed by the msK Department of Pathology using the standard streptavidin-biotin-peroxidase procedure. Primary monoclonal antibodies against MLH1 (clone G168- Statistics the mean ln yields by surgeon and pathologist were compared using anoVa. fourteen potential confounding and predictive variables were identified a priori and included in the linear regression model. two potential confounders were Bmi and ln ratio. Potential predictors were age, sex, tumor stage (tis, t1, t2, t3, or t4) and size, location from proximal to distal (cecum, ascending colon, hepatic flexure, transverse colon, splenic flexure, descending colon, or sigmoid colon), differentiation (well, well-to-moderate, moderate, moderate-to-poor, or poor), lymphovascular invasion, perineural invasion (Pni), mucinous histology (>50%), and preoperative endoscopic tattoo. When appropriate, continuous variables were compared with t test and categorical variables with χ 2 or fisher exact test. simple and multiple linear regression analysis of predictors and confounders of ln quantity were performed. all of the significant tests were conducted at the α = 0.05 level.
in preliminary analyses, the degree of linear relationship between clinically related variables, such as tumor stage and size, was calculated with the Pearson correlation coefficient. the main analysis was based on multivariable linear regression analysis of ln yield that controlled for potential confounding variables. Goodness-of-fit of the regression model was assessed using influence diagnostics based on leverage, studentized residuals, and Cook distance. the model was rerun excluding individual outliers (identified by graphing leverage against studentized residuals) and Cook distance. Comparisons with the model were made with all 256 patients. Variables such as age, tumor size, and specimen length may have a nonlinear relationship with ln yields; these were individually tested for nonlinearity by adding a quadratic term to the model. Collinearity among predictor variables was assessed by examining tolerance statistics for the model.
RESULTS
Descriptive Statistics a total of 256 patients fulfilled our study criteria. the majority of the patients (n = 244) in this study were accrued after 2006, when it became routine to perform ihC on patients who were <50 years of age. msi was used in 55% of cases. fifty percent had endoscopic tattooing of lesions before resection. Distribution of the outcome variable, ln count, was approximately symmetric and acceptably close to normal; residuals from the regression analysis had approximately normal distribution. Population characteristics are shown in table 1. the study population selected for mmR testing was not typical of the general population of patients with colon cancer. mean age was lower; the population was enriched for right-sided lesions, with a majority at american Joint Committee on Cancer stage ii. in separate univariable analyses, mmR deficiency was associated with lower malignant ln yield, older patient age, right-sided tumors, larger tumors, and poor differentiation. Correlations among independent variables were low. using simple univariable linear regression, absence of mmR protein expression was not associated with higher ln yield (mean, 24.8 vs 26.9 ln; p = 0.12). there was no association between ln yield and the operating surgeon, operative technique (open vs laparoscopic), or pathologist analyzing the specimen (data not shown).
Linear Regression Model
the 14 predictors and confounders were jointly analyzed in a multivariable linear regression model. When controlling for other variables, mmR-deficient tumors were estimated to have an ln yield similar to that of mmR-intact tumors (p = 0.43; table 2). five variables demonstrated an independent linear relationship with ln yield, including patient age, specimen length, ln ratio, Pni, and tumor size (table 2). a negative relationship was expected between patient age and ln yield, based on previous studies within older populations. our data showed 1 less ln for each 6-year increase in patient age. a positive relationship existed between specimen length and ln yield, with 1 additional ln for each 5 cm of additional length. tumor size was positively associated with ln yield; there were 1.2 more lns for each additional centimeter in size (consis- tent with our previous model based on a different data set). 6 We found a negative relationship between malignant ln ratio and yield, with 2 less lns identified for each 0.1 increase in the malignant ln ratio. a novel relationship was noted between Pni and ln yield, with 3.6 more lns identified in the presence of Pni. tumor location had a more complex, nonlinear, quadratic relationship with ln yield. Proximal tumors were associated with higher yield than distal lesions. using the adjusted R 2 , 27% of the variation in ln count was explained by the 14 variables (table 2) . Removing the 6 significant variables resulted in an adjusted R 2 of 0.1%. Patient age, specimen length, ln ratio, Pni, tumor size, and location explained 27% of the variation in ln count.
Influence Diagnostics
using studentized residuals and Cook distance, 3 outliers were identified. the model was rerun, excluding these. no significant changes in measures of effect, ses, or p values were noted, indicating that the model was not disproportionately influenced by the outliers in our data set. therefore all 256 patients, including outliers, were retained in the final model.
DISCUSSION
this study identified significant relationships between ln yield and patient age, ln ratio, length of colon resected, and tumor size and location. however, unlike previously reported series, 13, 16, 32 our study did not identify an independent association between mmR deficiency and higher ln yield when controlling for other variables. We believe that these other studies were limited by confounding by poorly controlled variables, small sample size, relatively low proportions of mmR-deficient tumors, and low mean ln yields. in a recent study by Belt et al, 16 patients with stage ii disease and high ln yield had a lower rate of recurrence than patients with low yield or with msi tumors. they concluded that the msi phenotype was independently associated with ln yield and that high ln yield might be a result of the biological behavior of msi tumors. however, they did not describe how they had conducted the multivariable analysis and did not report the results of it. Without this, it is impossible to know how they controlled for several confounding variables. furthermore, their statistical analysis did not use ln yield as a continuous variable. similarly, a study by søreide et al 13 examined tumor-related factors in relation to the number of harvested lns in 121 patients with colon cancer. they concluded that ln retrieval was an independent prognostic factor and that proximal tumor location and msi were associated with a higher number of harvested lns, possibly indicating underlying immunologic and genetic mechanisms. however, the authors did not describe how the multivari-able model in their study was constructed, nor did they show the full model in their results. We infer from the report that they excluded patients with stage i cancer from the ln yield model, because msi was not significant when it was included (which suggests overfitting of the data). in a small study including 82 patients with stage i or ii colon cancer, eveno et al 32 also reported an association between ln yield and msi. they concluded that the good prognosis associated with high ln yield might reflect the high prevalence of msi tumors. unfortunately, there were too few patients in the study for a controlled analysis, and the authors appropriately urged caution in using the quantity of evaluated lns as a criterion for quality. if ln yield and mmR deficiency were related, it may have explained why lower ln yields are associated with poor prognosis and would have cast doubt on the value of ln yields for prognostication. however, based on our data, both mmR deficiency and ln yield should be considered separately when interpreting pathology findings and selecting patients for adjuvant therapy. 34 unfortunately, we were not able to perform subgroup analysis stratified by germline versus sporadic mutation, because our sample size was insufficient for a meaningful statistical analysis. as a result, we may have missed subtle differences attributed to biology.
the inverse relationship between ln yield and patient age has been well documented and analyzed for its effect on cancer-specific survival. 34 our data corroborate an inverse relationship between ln yield and patient age. numerous hypotheses attempt to explain this, including those based on msi; however, our data do not support msi as the mechanism. notably, patients with mmR-deficient tumors were significantly older than those with intact mmR. We believe that this is a sampling bias; reflex mmR ihC testing has been performed in patients aged ≤50 years at the msK Cancer Center since 2006; ihC is performed in older patients only in cases of clinical suspicion for mmR deficiency. to support the validity of our findings, we performed an additional analysis of the younger cohort (n = 111). this produced similar results (data not shown); mmR deficiency was not associated with ln yield (p = 0.87) in younger patients. the total number of harvested nodes was inversely correlated with the ratio of positive:total lns, with 2 less lns for every 0.1 increase in the ratio (p = 0.0004). this significant inverse relationship was noted in 1 other study. 13 in our study, length of resected bowel was directly related to the number of lns in the specimen. in a recent predictive model of ln yield, we demonstrated that the extent of mesenteric resection (measured by number of vascular pedicles) was a significant predictor of ln yield, independent of the length of resected bowel. 6 We also found that Pni was a significant predictor of ln yield. liebig et al 35 identified Pni as an independent prognosticator of outcome in patients with CRC, hypothesizing that Pni is an important indicator of tumor-stromal interaction. the association between Pni and ln supports this. our data demonstrated a linear relationship between ln yield and tumor size. some have proposed that larger tumors elicit an intense antigenic immune response within the regional ln basin, making them more visible to pathologic examination and resulting in increased yields. 11 a recent study used the survey of epidemiology and end Results database to assess the mean number of lns examined in 153,483 patients with colon and rectal cancer; location of the primary tumor was associated with ln yield. 8 many investigators have reported that right-sided colon cancers yield more evaluable lns. [36] [37] [38] this appears to be independent of other factors, including tumor size, specimen length, and msi. We used an a priori approach to tumor location. Rather than discriminate based on right versus left, we divided the colon into 6 segments, including the cecum, ascending colon, hepatic flexure, transverse colon, descending colon, and sigmoid colon. location was analyzed as a continuous variable, giving more power to the analysis and demonstrating a negative quadratic relationship with ln yield. the more distant the location of the tumor, the greater the impact of location on ln yield. for example, the difference in ln yield between descending and sigmoid colon tumors was much greater (6 lns) than the difference between cecum and ascending colon tumors (<2 lns).
our study is limited by several factors. selective use of mmR ihC based on clinical criteria, including patient age, family history of CRC, and pathologic features suggestive of msi, may reduce the generalizability of the results. although our sample size is the largest to date, it is still too small to identify variables with small measures of effect, such as the use of endoscopic tattoo. furthermore, the retrospective nature of this study did not allow for assessment of the extent of mesenteric resection; specimen length is a crude substitute.
although we included 14 variables in our analysis, the model explained only 27% of variability in ln yield. in our attempt to determine the drivers behind ln yield, we have only scratched the surface. our observations do not exclude enhanced immune response as the potential underlying mechanism for improved prognosis in msi tumors; however, such a response may be uncoupled from ln yield. high mean ln yields (26 lns) and lack of variability of yield among surgeons and pathologists strongly support our hypothesis that mmR protein expression is not a biological predictor of ln yield in colon cancer resection specimens, even when controlling for surgical and pathologic factors, including thorough grossing of the specimen. significant predictors of ln yield were patient age, length of bowel resected, ln ratio, Pni, and size and location of tumor. factors driving ln yield seem intrinsic to the biology of the tumor and patient. mmR protein expression appears to be a confounding variable rather than a predictor of ln yield. application of this model to a novel data set could con-firm these findings. any such analysis would have to control for other important variables associated with mmR status and ln yield, including tumor size, stage, and location, as well as patient age.
We believe that these data undermine the use of ln quantity as an indicator of quality of care for an individual patient. in our study, 99% of specimens yielded more than 10 lns. this may be because of the wide mesenteric resection performed by our surgeons, and careful gross examination by our pathologists. ln yields are achievable in a majority of colon cancer resections; however, some patients will have lower yields. surgeons and pathologists should strive for higher median yields, because this will allow for accurate staging of groups of patients. nevertheless, the clinical significance of lower yields in an individual patient remains unknown, and biological predictors of ln yield have yet to be identified.
